Various classifications have been proposed for intracranial arteriovenous malformation (AVM), based on specific architectonic and topographic patterns or, more recently, on specific aspects of neurosurgical therapy.^[@ref1]-[@ref3]^ Recent technical developments in interventional neuroradiology, in particular the high definitions now achievable, provide a much more detailed analysis of the anatomic and functional features of AVM, thereby enhancing the precision, efficacy, and safety of this management option.

Definition, classification, and epidemiology
============================================

AVM is the most common congenital vascular malformation and reflects the persistence of the original communication between the arterial and venous capillary networks. The structure of each AVM consists of afferent arteries, a central nucleus (nidus), and a halo of dilated efferent veins. Each element can vary in number, size, and flow. The arterial system is mainly pial, although durai afférents can be found at particular sites in the base of the brain (posterior fossa). Most cases of AVM (80% and 93%) are supratentorial, mainly in the cortex and subcortex. However, deep-seated or two-site lesions may be subtentorial and, although scarcer, these are potentially much more severe, due to the adjacent parenchyma.

AVM used to be thought infrequent (0.14% in the USA), but more recent studies show a higher prevalence, due to readier diagnosis by computed tomography and magnetic resonance imaging (MRI).^[@ref4]^ Spetzler and Martin^[@ref5]^ proposed a predictive approach to severity and treatability based on site (with particular reference to functional areas of encephalon), size, venous drainage (including venous volume), and efferent blood flow.

Presentation can be differentiated into a pediatric pattern, characterized by intracranial hemorrhage often preceded by central nervous system abnormalities, and an adult pattern of seizure or chronic headache. Although the risk of hemorrhage is generally seen as slight, recent studies show that it is actually at least as high as in aneurysm.^[@ref6]^ The theoretical risk of cerebromeningeal hemorrhage is 2% to 3% per year, with a risk of death during rupture of 10%, increasing after each hemorrhage. The probability of a second bleed is 6% in the first year, and increases by 4% per year. Even in the absence of hemorrhage, morbidity and mortality are higher than in individuals without AVM. For these reasons, early diagnosis, if possible before a hemorrhagic event, is fundamental: Brown et al found an intracranial hemorrhage rate of 18% over a mean 8-year follow-up in 168 patients with clinically unruptured AVM.^[@ref7]^

Endovascular treatment: embolization objectives
===============================================

There are three treatment options for AVM: resection, stereotactic neurosurgery, and embolization or endovascular surgery, alone or in sequential combination. This multimodal approach forms the basis for defining treatment objectives and planning follow-up, the aim being the effective eradication of the AVM. The options are complementary-, and the decision to use one or another must be flexible and informed by the clinical particularities and treatment techniques available.^[@ref8]^ Maximum accuracy is required in assessing the treatment objectives. These include the control or eradication of persistent headache, seizures, and hemorrhagic risk, and the delay or arrest of progressive neurologic deficit. The decision process is subject to the following guidelines:

-   Multidisciplinary consultation between neurosurgeons (conventional and stereotactic) and interventional neuroradiologists

-   Definition of treatment outcome measures in terms of the clinical presentation

-   Appreciation of the gap between technical feasibility and the target of complete cure

-   Sequential implementation of treatment options

-   Flexibility based on the clinical features, morphology, and the latest developments in endovascular techniques

Objectives, procedures, and treatment sequences vary but broadly comprise:

-   Total eradication of the AVM by one of the methods (mainly resection and embolization)

-   Pretherapeutic debulking palliative embolization to reduce arterial pedicle number, nidus size, and venous drainage volume before resection or stereotactic neurosurgery

-   Clinically palliative embolization to decrease seizure frequency and severity in massive AVM

-   Palliative embolization for deep AVM fed by lenticulostriate perforating arteries causing vascular steal with progressive neurologic deficit

Hyperselective intranidal catheterization: microcatheters and microguidewires
=============================================================================

Hyperselective multipedicular catheterization identifies the afferent arteries, a variably compartmentalized nidus, and generally dilated efferent veins *([Figure 1](#DialoguesClinNeurosci-2-315-g001){ref-type="fig"}).* However, analysis of these morphologic elements may fail to differentiate clearly between the nidus and the often grossly dilated veins. What is required is a hyperselective approach to the intranidal compartments themselves, since it is their destruction, with the resulting decrease in venous flow, which is the prime target of embolization. Using a 70-µ microguidewire (Sorcerer), the tip of a flow-dependent microcatheter (Magic 1.2F) can be advanced through every arterial convolution to reach the nidus core *([Figure 2](#DialoguesClinNeurosci-2-315-g002){ref-type="fig"}).* The nidal angioarchitectonics can then be demonstrated in high definition by in situ opacification, followed by the introduction of a liquid embolus (*N*-butyl cyanoacrylate + iodopamidol \[Lipiodol^®^\]) for safe and maximally effective embolization *([Figure 3](#DialoguesClinNeurosci-2-315-g003){ref-type="fig"}).* ^[@ref9],[@ref10]^ The aim is compartimentai obliteration, in addition to reducing the number of afferent arteries and/or narrowing their lumen, thereby decreasing efferent volume and flow. The effect may be nearimmediate, but postembolization review sometimes reveals that intranidal thrombosis is delayed for several months.

![Embolization of a huge left parietal Rolandic arteriovenous malformation. **A,B:** Preembolization opacification, arrows indicate opacification by both anterior cerebral and sylvian artery feeders. **C,D:** Hyperselective intranidal catheterization using a Magic 1.2 F microcatheter (asterisk). **E,F:** Immediate postembolization control showing small residual vessels (arrows). **G,H:** One-year follow-up after stereotaxic neurosurgery (G) using magnetic resonance angiogram control (asterisk) and (H) nidus casting by *N*-butyl cyanoacrylate embolization (arrows).](DialoguesClinNeurosci-2-315-g001){#DialoguesClinNeurosci-2-315-g001}

![Embolization of an occiptal arteriovenous malformation with a durai fistula. **A,B:** Preembolization angiogram showing the nidus of the arteriovenous malformation (arrows) opacified by the left posterior cerebral artery and the posterior meningeal artery. **C,D:** Hyperselective intranidal catheterization and embolization (arrows) with an *N*-butyl cyanoacrylate/Lipiodol® mixture. **E,F:** Immediate postembolization review showing complete embolization of the arteriovenous malformation (asterisks).](DialoguesClinNeurosci-2-315-g002){#DialoguesClinNeurosci-2-315-g002}

![Embolization of a parietal Rolandic and occipital arteriovenous malformation. **A,B:** Opacification of the occipital part of the arteriovenous malformation by left vertebral artery catheterization, demonstrating the nidus and the draining veins (arrows) and a high-flow aneurysm located in the initial portion of the left posterior cerebral artery (arrows). **C,D:** Parietal Rolandic section of the arteriovenous malformation opacified by the left sylvian artery (main feeders) and the right and left cerebral artery (arrows). **E,F:** Hyperselective intranidal catheterization by a Magic 1.2 F microcatheter and embolization with an *N*-butyl cyanoacrylate/Lipiodol® mixture (arrows). **G,H:** Three-month follow-up angiogram showing highly significant reduction of the two parts of the arteriovenous malformation and significant reduction of the high-flow aneurysm (asterisks). **I,J:** Demonstration of the plasticity and cerebral capacity of adaptation to a specific situation in relation to a left arteriovenous malformation. Functional 3-tesla magnetic resonance image showing activation of the left and right Rolandic motor centers with the appropriate stimulation (**I**). Postembolization computed tomography showing the *N*-butyl cyanoacrylate/Lipiodol® mixture in the middle of the nidus (**J**).](DialoguesClinNeurosci-2-315-g003){#DialoguesClinNeurosci-2-315-g003}

Conclusion
==========

Maximal accuracy is essential in the evaluation of each AVM component. Intranidal treatment of AVM has benefited greatly from the recent technical developments in both neurovascular imaging (definition, acquisition speed, and 3D reconstruction) and the microhardware of endovascular intervention (microguidewire and microcatheter). Procedures are now faster, safer, and more effective, with longer intervals between embolization sessions, while pre- and postprocedural review of brain parenchyma using functional MRI and cerebral analytic spectroscopy has played a key role.^[@ref11],[@ref12]^ Further technical advances will soon transform the quantification of management decisions, with increasingly accurate analysis of supra- and infratentorial sites, and the ability to adapt therapy to the changing morphology and topography of individual AVMs.
